Abstract. In this paper, the multi-pulse chaotic dynamics of a simply-supported symmetric cross-ply composite laminated rectangular plate with the parametric and forcing excitations is investigated by using the extended Melnikov method. The two -degree-of-freedom non-autonomous nonlinear dynamical system of the plate with strong coupling is considered. The results obtained here indicate that multi-pulse chaotic motions can occur in the plate. Numerical simulation is also employed to find the multi-pulse chaotic motions of the plate based on the theoretical analysis.
Introduction
Composite laminated plates have wide applications in many engineering structures, especially in the aeronautics industry and launch vehicles. Many papers have been published to analyze the nonlinear behaviors of large amplitude vibrations for composite laminated plates. Oh and Nayfeh [1] used the experimental method to study nonlinear combination resonances in cantilever composite laminated plates. Abe et al. [2] discovered the internal resonances in a simply-supported rectangular laminated plate subjected to harmonic excitation. Awrejcewicz et al. [3] considered the complex vibration and bifurcation of plates modeled as systems having infinite degrees-of-freedom. Guo and Zhang [4] dealt with the nonlinear dynamics of simply supported symmetric cross-ply composite laminated rectangular thin plates with the fiber-reinforced subjected to in-plane excitations and transverse excitations.
In this paper, the multi-pulse chaotic dynamics of a simply-supported symmetric cross-ply composite laminated rectangular plate with the parametric and forcing excitations is investigated by using the method given in paper [5] . We obtain the parametric conditons for which the plate has multi-chaotic motions. The nonlinear governing equations of the composite laminated rectangular plate is a two-degree-of -freedom non-autonomous nonlinear system with complex nonlinear terms and strong coupling. Numerical simulation is also employed to find the multi-pulse chaotic motions of the plate based on the theorical analysis.
Analysis on Multipulse Chaotic Dynamics of the Plate
In this section, we investigate the multipulse chaotic dynamics for the simply-supported composite laminated rectangular plate. After using Hamilton's principle and the Galerkin's approach, the two-degree-of-freedom governing equation of motion for the plate in dimensionless nonautonomous nonlinear system is shown in equation (1) , and the details aboutthe equation can be seen in paper [4] . 
are presented in reference [4] . The coupled two-degree-of-freedom system indicates that the nonlinear vibration of the symmetric cross-ply composite laminated plate includes the cubic terms, parametric and force excitations in the first two modes. Fig. 1 is a sketch on the model of the simply-supported composite laminated rectangular plate under combined parametric and transverse excitations and the coordinate system. Fig.1 The model of the plate subjected to its plane and transverse excitations Introduce the following transformations on (1)
Then, the following equivalent form of equation (1) is obtained
Introduce the following transformations on (1)
and add small positive parameter ε on the parameters of damps and forces in equation (3) and the following system can be obtained 1  2  1  2  1  2  2  1   2  1  5  2  2   2   2  4   2   4   cos  cos  2  3  3 2 (5), we obtain the unperturbed system
If
hold, we obtain 
When the following conditions on system (6) satisfy 0 3 2 10 5 2 
The homoclinic orbits of equations (6a) and (6b) which connect the saddle point 1 2 ( , ) (0, 0) u u = are obtained as 
where
, and 
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The k-pulse Melnikov function can be computed as 
and 0 2 2
Equation (14) can be rewritten as the following 
We may choose proper parameters in equation (16) so that the value of the right side is a non-negative integer, the stable manifold ) ( (5) intersect transversely, which means that the multi-pulse chaotic motions exist in the simply-supported symmetric cross-ply composite laminated rectangular plate. To verify the analytical results obtained above, numerical method will be utilized to indicate the multi-pulse chaotic motions occur for the plate.
Numerical Simulations
In this section, the fourth-order varied-step Runge-Kutta algorithm is employed to explore the existence of the multi-pulse chaotic motions of the simply-supported symmetric cross-ply composite laminated rectangular plate. Consider the conditions (7) and (9), the parameters and initial conditions respectively are chosen as follows in Fig. 2 Another multi-pulse chaotic motion exists in the plate as shown in Fig. 3 when the parameters of equation (3) 
Conclusions
According to our analysis, the extended Melnikov method is attributed to the non-autonomous ordinary deferential equations of motions for the laminated composite rectangular plate. We obtain the simple zero point of the k-pulse Melnikov function, which means that there exist k-pulse chaotic motions for the laminated composite rectangular plate. The chaotic dynamics are also numerically investigated based on the theoretical analysis.
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